The life-long diminution of anxiety response as a consequence of reproductive experience by McNamara, Ilan M
University of Richmond
UR Scholarship Repository
Master's Theses Student Research
8-2004
The life-long diminution of anxiety response as a
consequence of reproductive experience
Ilan M. McNamara
Follow this and additional works at: http://scholarship.richmond.edu/masters-theses
This Thesis is brought to you for free and open access by the Student Research at UR Scholarship Repository. It has been accepted for inclusion in
Master's Theses by an authorized administrator of UR Scholarship Repository. For more information, please contact
scholarshiprepository@richmond.edu.
Recommended Citation
McNamara, Ilan M., "The life-long diminution of anxiety response as a consequence of reproductive experience" (2004). Master's
Theses. Paper 714.
Abstract 
Reproductive experience (RE), associated with hormonal fluctuations and enriching 
environmental stimuli, enhances spatial memory and blunts responses to stress/anxiety. 
Whereas stress reductions occur during lactation, the persistence of the RE-anxiolytic effects 
is unclear; and little research has focused on the HP A axis, amygdala, and other anxiety-
related areas. Using an elevated plus maze (EPM), we examined anxiety in nulliparous (NP), 
primiparous (PP), and multiparous (MP) females (zero, one, or two litters, respectively) at 6, 
10, 14, 18, and 22 months of age. Brains were subsequently analyzed for neurodegeneration 
in dorsal raphe nucleus (DRN). RE significantly dampened anxiety (defined by time spent in 
the open arms [TS-0] ofthe EPM) at 10, 14, 18, and 22 months of age, and significantly 
reduced the number of degenerating DRN neurons, which was negatively correlated with 
TS-0 at 22 months. These data suggest that RE blunts anxiety throughout life and preserves 
neurons in the DRN, indirectly implicating serotonin. 
I certify that I have read this thesis and find that, in scope and quality, it satisfies the 
requirements for the degree of Master of Arts. 
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Life Long Diminution 1 
The Life-Long Diminution of Anxiety Response 
As A Consequence of Reproductive Experience 
The brain is a malleable organ that is influenced by various experiences encountered 
throughout its life-span, particularly in females. Modifications in brain and behavior occur 
as females transition from nulliparity to motherhood. Pregnancy and lactation are 
characterized by fluctuating hormones and enriching sensory cues from the offspring, 
increasing the complexity of neurons and glia as well as modifying levels of neurogenesis 
(McEwen, B.S. Akama, K., Alves, S., Wayne, B., Bulloch, K., et al., 2001; Kinsley, 
Madonia, Gifford, Tureski, Griffin, Lowry, et al., 1999). Simultaneously, the behavior of the 
female changes as she must adapt to the many demands of her offspring; it is incumbent on 
the new mother to find, remember, and exploit the location of food caches, water sources, 
and nesting sites. Enhanced cognitive abilities and decreased fearfulness help the mother 
accomplish such tasks. 
Prior research has mainly focused on the development of offspring and little work has 
examined the remarkable maternal neuroplasticity inherent to the reproductive process. In 
addition, studies have not explored the possibility that brain and behavior changes resulting 
from parity last throughout life. The current project investigated the effects of reproductive 
experience on anxiety responses throughout life, examining the role of serotonin as a possible 
mediator. 
Cognitive Effects of Reproductive Experience 
During pregnancy, the female brain undergoes a significant amount of morphological 
changes including increased complexity and number of neurons and glial cells (Amory, 
2000). Late pregnant females have increased dendritic spine proliferation in the CA 1 region 
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of the hippocampus, possibly increasing the connections to adjacent neurons in an area 
associated with learning and memory (Kinsley, Trainer, Quadros, & Stafisso-Sandoz, 1998). 
Further, the rate ofneurogenesis (NG; growth of new neurons) is enhanced in the post 
partum period, following a decline during pregnancy (Amory & Madonia, unpublished 
observations). Such changes affect cognitive abilities and improve learning and memory in 
rats with reproductive experience (RE). Kinsley et al. ( 1999) have shown that rats with RE 
are capable of learning to complete a dry-land maze and radial-arm maze significantly faster 
and with fewer errors than their nulliparous counterparts. These neuronal and cognitive 
changes appear to last throughout life and can account for life-long increases in cognitive 
ability found in parous animals as measured in the dry-land maze (Gatewood, Morgan, 
Eaton, Amory, Lomas, Stevens, et al., submitted). Likewise, nulliparous animals experience 
a differential rate of cognitive aging and correlative decrease in cognition compared to 
parous animals. These observed shifts in neurogenesis and cognition are likely a result of 
environmental enrichment (via pup stimulation) and increased circulation of hormones 
during pregnancy and throughout lactation. 
The classic unidirectional relationship of mother and young ignores the expansive set 
of sensory cues provided by the pups. An enriched environment of new objects increases the 
depth of the somesthetic and occipital areas of the cerebral cortex as well as increases in the 
density and lateral width of dendritic spines in the occipital cortex (Hamilton, Diamond, 
Johnson & Ingham, 1977; Globus, Rosenzweig, Bennett, & Diamond, 1973). In addition, an 
enriched environment of social interaction and physical activity increases neurogenesis in the 
dentate gyrus of adult mice (Kempermann, Kuhn, & Gage, 1998). Throughout lactation, 
mothers are required to forage for food and water sources needed to produce milk for their 
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offspring. Mothers are also required to group, crouch, and groom their pups to keep them 
warm and healthy. In essence, the pups serve as novel environmental stimuli that require 
increased cognitive abilities of the mother for survival. 
The life-long maintenance of cognition in mothers is likely influenced by changing 
levels of natural gonadal steroids during pregnancy. Following the onset of pregnancy in rats 
(day 1 ), estrogen levels increase on day 5 and gradually rise until delivery (day 21; 
Rosenblatt, Mayer, & Giordano, 1988). Estrogen replacement in humans has been positively 
associated with increased neuronal growth in basal forebrain, occipital, parietal, and frontal 
cortex neurons (Brinton, Chen, Montoyam, Hseih, Minaya, & Kim, 2000). Estrogen has 
been found to influence the structure, plasticity, creation, and survival of neurons, 
particularly in the CAl, CA3, and dentate gyrus (DG; Numan, 1994; Isgor & Sengelaub, 
1998). The presence of estrogen in female rats increases the density of dendritic spines of 
previously connected cells in the hippocampus and ultimately increases the number of 
connections to adjacent neurons (Yank ova, Hart, & Wooley, 2001 ). Further, animals treated 
with estrogen have a 25 percent faster action potential conductance in the hippocampus, 
suggesting that the increased dendritic arbor yield faster cognition and processing which may 
account for an improvement in learning and memory, particularly on spatial reference 
memory tasks (Y ankova et al., 2001; Daniels, Fader, Spencer & Dohanich, 1997). Likewise, 
estrogen deprivation has been linked to learning avoidance in female rats and humans (Singh, 
Meyer, Millard, & Simpkins, 1994; Asthana, Baker, Craft, Stanczyk, Veith, Raskind, et al., 
2001). With all ofthe aforementioned enhanced brain morphology associated with pup 
stimulation and hormonal levels, it is feasible that such changes in neuronal function persist 
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well beyond the induced exposure and mediate the increased cognitive abilities found by 
Gatewood et al., (submitted). 
Regulation of anxiety 
The hypothalamo-pituitary-adrenal (HPA) axis is a major part of the neuroendocrine 
system that regulates stress and fear responses. The HP A axis includes parts of the 
hypothalamus, the anterior lobe of the pituitary gland, and the adrenal cortices. When a 
stressor is present, the hypothalamus releases corticotropin-releasing factor (CRF) which as 
transported to the anterior lobe of the pituitary, triggering the release of adrenocortocotropic 
hormone (ACTH). ACTH is transported in the blood to the adrenal cortex of the adrenal 
gland, where it stimulates biosynthesis of corticosteroids. Increased production of 
corticosteroids mediate reactions to stress through a negative-feedback system. Whereas 
rats will normally experience an aroused HPA axis in the presence of a stressor, late pregnant 
and post-partum females display attenuated stress responsiveness which may be partially 
controlled by increases in plasma hormone concentrations of oxytocin (OT; Lowry, 2002). 
OT has been identified as a possible mediator of the attenuated stress responsiveness of the 
female rat (Neumann, Tomer, & Wigger, 2000). Pregnant and lactating rats possess high 
circulating levels of oxytocin. Basal levels of OT differ significantly among virgin and 
pregnant rats on pregnancy days 18 and 21 and OT continues to circulate in the plasma of the 
female rat in response to nipple stimulation during lactation. Further, the number of oxytocin 
receptors increase in the limbic and hypothalamic regions of the brain during pregnancy and 
remain through lactation (Freund-Mercier, Stoeckel, & Klein, 1994). Whereas stress will 
increase oxytocin levels in virgin rats, levels remain stable in pregnant or lactating rats 
exposed to a stressor (Douglas, Johnson, Brunton, & Russel, 2000). Therefore, it is believed 
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that the development of more sensitive OT systems during pregnancy and lactation may 
reduce the response of stress in limbic structures (Da Costa, Guevara-Guzman, Ohkura, 
Goode, & Kendrick, 1996). 
Post-partum females display attenuated stress responsiveness following pup delivery, 
where stress responsiveness is defined as a biological and behavioral reaction to an adverse 
stimulus that interferes with the organism's homeostatsis (Wartella, 2000). Whereas most 
rats respond to a stressor through activation of the (HP A) axis and hypothalamo-
neurohypophysial system (HNS), this network appears blunted in female rats as early as day 
15 of pregnancy and continues throughout lactation. Stress-induced levels of plasma 
hormone concentrations of corticotrophin-releasing hormone were found to diminish on day 
15 and continue to decline through late pregnancy and lactation (Douglas, Johnson, Brunton, 
& Russel, 2000). Furthermore, Komesaroff, Esler, Clarke, Fullerton, and Funder (1998) 
found that female sheep treated with estradiol had reduced glucocorticoid responses to stress, 
suggesting that the hormone reduced acute stress responses. Likewise, lactating rats have 
shown reduced prolactin and oxytocin responses to restraint stress as well as decreased HP A 
responses to restraint ( da Costa, Guevara-Guzman, Ohkura, Goode, & Kendrick, 1996). 
Wartella, Amory, Lomas, Macbeth, McNamara, Stevens, et al. (2003) found that 
reproductive experience reduced stress responsiveness in the female rat. Parous females 
placed in restraint tubes showed less c-fos activation in the basolateral amygdala (BLA) and 
hippocampus (HI) compared to nulliparous animals. Parity also resulted in reduced c-fos 
activation in the HI and BLA after animals were exposed to an open field. Further, 
multiparous, primiparous, primigravid and multigravid females exhibited fewer freezes, more 
rearings, and more exploratory behavior in an open field than virgin rats. The results from 
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Wartella et al. (2003) show a dampened response to stress; stimuli that would normally 
evoke unnecessary stress are evaluated as less threatening in the presence of a stressor. 
Moreover, these findings suggest that reproductive experience reduces the arousal of the 
HP A axis during a stressful event. Given that cognitive changes resulting from reproductive 
experience have been shown to persist throughout the lifespan (Gatewood et al., submitted), 
it is possible that the aforementioned changes in stress reported by Wartella et al. (2003) 
endure throughout life. 
Effects of Stress and Anxiety on Neurogenesis 
Stress and anxiety have an adverse effect on neurogenesis levels in the brain. Past 
research has suggested that increased stress levels produce cellular changes that impair the 
development and maintenance of neurons (D'sa & Duman, 2002). Such impairment of 
neurons ultimately leads to neuronal death and alterations in cognition. Stressful experiences 
also suppress the production of new hippocampal granule neurons in rats, marmosets, and 
adult tree shrews (Gould, 1999). In adult tree shrews, twenty-eight days of daily exposure to 
a dominant tree shrew resulted in a persistent reduction in the number of new granule cells 
produced, suggesting that the effect of stress continues and impairs granule production 
throughout a period of chronic stress (Gould, McEwen, Tanapat, Galea, & Fuchs, 1997). 
Ultimately the decrease in production of granule cells may alter the structure of the dentate 
gyrus and impair cognitive abilities (Fuchs, Flugge, McEwen, Tanapat, & Gould, 1997). 
Further, stressful experiences that suppress granule cell production elevate levels of 
circulating adrenal steroids and are possibly mediated through activation of the HPA axis 
(Gould, 1999). Similarly, unavoidable stress, such as that of inescapable shock, decreases 
cell proliferation in the hippocampus and ultimately decreases levels of neurogenesis 
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(Malberg & Duman, 2003). Since Wartella et al. (2003) indicates that nulliparous animals 
have heightened stress responses and an active response in the HPA axis to a stressful 
situation, it would appear that the decreases in cognitive abilities of nulliparous rats reported 
by Kinsley et al. (1999) are due, in part, to amplified responses to stress. Similarly, the 
reported maintenance of cognitive abilities into old age in primiparous and multiparous rats 
found by Gatewood et al., (submitted) may also be due to decreases in stress responses. 
Serotonin System 
Serotonin (5-HT) is an essential monoamine neurotransmitter in both the central and 
peripheral nervous systems of mammals. 5-HT receptors have a central role in mood, 
anxiety, feeding, sleep, sexual activity, body temperature, and nociception (Azmitia & 
Whitaker-Azmitia, 1991 ). At least eight receptor subtypes with specific neuroanatomical 
location and multiple intracellular effects following receptor activation have been identified, 
with the 5-HT1A receptor receiving the most attention (Harrington, Zhong, Garlow, & 
Ciaranello, 1992). Serotonergic pathways may b~ divided into ascending pathways, 
projecting to the spinal cord and brainstem, and descending pathways, projecting to the 
cortical and subcortical structures. In humans, rats, and guinea pigs, S-HT1Areceptors are 
found in high concentration in the dorsal raphe nuclei, CAl area of Ammon's hom, DG, 
lateral septum, frontal cortex and dorsal hom of the spinal cord (Daval, Verge, Basbaum, et 
al., 1987; Azmitia, Gannon, Kheck, & Whitaker-Azmitia 1996; Kia, Miquel, Brisorgueil, 
Daval, Riad, Mestikawy, et al., 1996). The dorsal raphe nucleus (DRN) is the largest of the 
brainstem serotonergic nuclei, containing approximately 50% of the 5-HT neurons in the rat 
central nervous system (Wiklund & Bjorklund, 1980). Further, analyses using 5,7-
dihdroxytryptamine (5,7-DHT) indicate that the S-HT1Areceptors of the dorsal raphe are 
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mostly presynaptic and hippocampal 5-HT1A receptors are largely postsynaptic (Dayal, 
Macinkiewicz, et al. 1986). In addition, the amygdala receives a dense 5-HT projection from 
the DRN, demonstrating a potential means for direct serotonergic modulation of activity in 
the amygdala and likewise HPA axis (Chaoloff, 1993). 
The recognition of anxiolytic effects of nonbenzodiazepine azapirones agents, acting 
as 5-HTIA partial agonists in the treatment of clinical anxiety and mood disorders has focused 
attention on the 5-HT1A receptor. Although the azapirones interact with other 
neurorotransmitter systems, such as the dopaminergic and noradrenergic, they display 
nanomolar affinity for the 5-HT lA receptor sites (Sprouse & Aghajanian, 1987). In humans, 
azapirones have been used for the treatment of generalized anxiety disorder (GAD) and have 
worked consistently better than placebo, thereby suggesting that 5-HTIA is directly related to 
anxiety levels (Rickels, 1987). Rodent distress vocalizations have also been associated with 
levels of 5-HT; administering to pups 5-HT1A agonists buspirone and ipsapirone significantly 
reduces the rate of rodent distress callings during brief maternal separations (Winslow & 
Insel, 1991 ). 
Serotonin has been found to be a vital neurotransmitter for neurogenesis to occur. 
Female rats with inhibited serotonin production develop fewer new neurons in the DG when 
compared with normal female rats (Banasr, Hery, Brezun, & Daszuta, 2001). Likewise, 
studies have suggested that serotonin can enhance the production of new neurons by 
activating the 5-HT lA receptor (Jacobs, Tanapat, Reeves, & Gould, 1998). Conditions 
associated with diminished granule cell production such as malnutrition, aging, elevated 
levels of cortocosterone, and acute stressors also decrease the density of 5-HT fibers and 5:. 
HT lA receptors, thereby inhibiting the release of 5-HT in the DG (Gould, 1999). Similarly, 
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experimental manipulations that stimulate granule cell genesis increase the density of 5-HT1A 
receptors or the release of 5-HT in the DG. 
Depression and anxiety inhibit neurogenesis and may be associated with decreased 
levels of serotonin in the brain which result in a loss of hippocampal neurons (Mueller & 
Beck, 2000). Neuropharmacological treatments of depression and anxiety with selective 
serotonin reuptake inhibitors (SSRis) increase the amount of serotonin in the brain by acting 
as antagonists of the 5-HT1A receptor and thereby increase levels of serotonin in the synaptic 
cleft by blocking transporters on the presynaptic membrane (Sonawalla, Shamsah, 
Spillmann, Kolsky, Andrea, Alpert, et al., 1999). Current depression research has suggested 
that SSRis relieve the symptoms of depression by increasing neurogenesis in the HI 
(Dremencov, Gur, Lerer, & Newman, 2003). Evidence indicates that pharmacological 
manipulations that elevate 5-HT levels in the hippocampus (fenfluramine) or stimulate 5-
HT IA receptors increase the rate of proliferation of granule cell precurors (Jacobs ct al., 
1998). Using 5-HT1A knock out mice, Santarelli, Saxe, Gross, Surget, Battaglia, Dulawa, et 
al. (2003) found that mice lacking the 5-HT1A receptor had inhibited NG and were insensitive 
to behavioral effects ofthe SSRI fluoxetine; ultimately this suggests that the behavioral 
effects of antidepressants are mediated by the stimulation of neurogenesis. Such results 
correspond to the work ofMalberg and Duman (2003), who found that fluoxetine treatment 
reversed damage and increased hippocampal cell proliferation after inescapable shock. 
Recent studies have also demonstrated that chronic administration of SSRis increase 
neurogenesis and block the effects of stress on hippocampal neurons, which can down-
regulate neurogenesis and atrophy (Duman, Nakagawa, & Malberg, 2001). Further, 
Madhavan, Freed, Anantharam, and Kanthasamy (2003) found that the 5-HTIAreceptor 
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lessens N-methyl-D-asparate (NMDA) and 1-methyl-4-phenylpyridinium induced apoptotic 
cell death in striatal and nigral neurons, thus indirectly linking 5-HT1A to apoptosis. In 
humans, Vermetten, Vythilingam, Southwick, Charney, and Bremmer (2003) found that the 
SSRI paroxetine increased hippocampal volume and decreased symptoms of posttraumatic 
stress disorder, an anxiety disorder that also reduces neuroplasticity in the hippocampus. 
Taken together, all ofthe aforementioned studies have found that serotonin, particularly 
acting upon on the 5-HT1A receptor, increases neurogenesis in the hippocampus, reducing the 
symptoms of depression. 
In addition to treating depression, SSRis and 5-HT IA agonists have been widely used 
to treat anxiety disorders (Sonawalla, 1999). Serotonin may mediate anxiety by acting on 
the amygdaloid complex after glucocorticoid receptor activation (Stutzmann, McEwen, & 
LeDoux, 1998). Therefore, it is believed that serotonin has an inhibitory function on anxiety 
and fear processing in the amygdala. When examining 5-HTIA KO mice, researchers 
consistently have observed less exploratory activity and more anxious behaviors than wild 
types (Ramboz, Oosting, Amara, Kung, Blier, Mendelsohn, et al., 1998). Furthermore, these 
mice lacking the 5-HT1A receptor display enhanced anxiety and an increased response to 
stress in a variety of tasks including the open field, forced swim test, and elevated T -maze 
(Parks, Robinson, Sibille, Shenk, & Toth 1998). Recent studies have found that 5-HT IA 
receptor partial agonists such as gepirone can reduce aggression and increase open-arm 
entries on an elevated plus maze thereby showing reduced anxiety (Mendoza, Bravo & 
Swanson, 1999). 
Whereas documentation of the effects of the 5-HTIA receptor is extensive, the 5-HT IB 
receptor is less studied and diverse in function. Mice lacking the 5-HTIB receptor have 
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consistently exhibited more aggressive, more reactive, and less anxious behavior than wild-
type mice, however, recent evidence suggests that some of these behavioral changes may 
result from increased locomotive activity (Zhuang, Gross, Santarelli, Compan, Trillat, & 
Hen, 1999). There is also evidence that 5-HT18 receptor activation increases anxiety-like 
behavioral responses in the elevated plus maze (EPM; Lin & Parsons, 2002). Furthermore, 
5-HTIB knock out mice have shown lower exploratory activity and superior memory in the 
Morris Water Maze (Buhot, Wolff, Savova, Malleret, Hen, & Segu, 2003). Therefore, it is 
unlikely that activation of the 5-HT18 receptor would mediate the increased cognition or 
diminution of anxiety in parous animals. 
Current Study 
Previous research has suggested that stress and anxiety is blunted throughout 
pregnancy and lactation (Neumann, Wigger, Liebsch, Holsboer & Landgraf, 1998; Wartella 
et al., 2003). The current study attempts to further these findings by tracking anxiety levels 
of parous and nulliparous rats throughout life. It is therefore hypothesized that parous 
animals will experience less anxiety compared to nulliparous animals as measured by the 
duration and percentage of open arm entries in the EPM. It is also hypothesized that parous 
rats will exhibit more exploratory behavior by entering into more arms (closed and open) 
than nulliparous rats. Moreover, with evidence that serotonin decreases anxiety and 
increases neurogenesis, it is hypothesized that parous animals will have less degenerating 
neurons in the dorsal raphe nucleus (DRN). The DRN was chosen because it contains the 
most serotonergic neurons in the brain and has direct projections to the amygdala. 
Furthermore, it is hypothesized that a direct negative correlation will exist between time 
spent in the open arm ofthe EPM and degenerating neurons in the DRN. Therefore, the 
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amount of degeneration of neurons in the DRN should reflect the amount of degenerating 5-
HT neurons. If these hypotheses are supported, the research would suggest that previous 
findings of increased cognition in parous animals can be mediated by anxiety and serotonin 
levels, probably acting on 5-HT1A receptors in the amygdala. Likewise, the current study 
could suggest that increased levels of neurodegeneration in virgin rats may be related to 
decreased levels of serotonin in the hippocampus. 
Methods 
Animals 
Nulliparous, primparous and multiparous (0, 1 or 2 pregnancies and litters, 
respectively) Long-Evans rats (N = 8/group) were purchased from Harlan Labs (Indianapolis, 
Indiana). The primiparous (PRIMs) and multiparous (MUL Ts) rats had their last pregnancy 
at 3.5 months of age and were kept with their pups until they were weaned; two weeks later, 
they were shipped to our laboratory. All animals were age-matched, regardless of 
reproductive experience. Animals were double housed with similar reproductively 
experienced females in 12"xl2"x24" polypropylene cages with floors covered by com cob 
bedding. Food (Purina Mazuri Rodent Food) and water were available ad libitum and all 
animals were housed in light (on from 0700-1900 h) and temperature (2l-24°C)-controlled 
testing rooms for the duration of the work. Animals used in this study were maintained in 
accordance with the guidelines of the Institutional Animal Care and Use Committee 
(IACUC) ofthe University of Richmond and Randolph Macon College, and those prepared 
by the Committee on Care and Use of Laboratory Animal Research Council (DHHS 
publication NO. [NIH 85-23], Revised, 1985). 
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Procedure 
Behavioral testing was performed according to the procedure ofToschi, Wigger, 
Henninger, and Landgraf (2000). Animals were tested beginning at 6 months of age, and at 
four-month intervals thereafter ( 10, 14, 18, and 22 months of age) for a total of five tests. 
Testing occurred in a room lighted from above with eight fluorescent bulbs, where animals 
were removed from their home cages. Each subject was placed individually in an elevated 
plus maze (EPM), fashioned after that of Pellow and File ( 1985; see figure 1 ). Constructed 
of Plexiglas, the maze was elevated 50cm above the floor and had four arms (50cm long and 
lOcm wide) radiating from a central10cm square. Two opposing arms had 40cm high walls 
enclosing them; the other two arms had no walls and were open. Subjects were placed in the 
center square facing a closed arm and released. Behavior was recorded for five minutes by 
two group-blind observers in opposing sides of the room. The following behaviors were 
recorded: 1. Frequency of entries into the open arms (as defined by all four paws in the 
arm). 2. Duration oftime spent in the open arms. 3. Duration of time spent in closed arms. 
4. Duration of time spent in the central square. 5. Total number of entries in all arms. 6. 
number and duration of stretch-attends (head movement, but not body movement into any 
arm). And 7., The duration of freezing behavior (as defined by no movement for more than 
three seconds). After testing, the maze was cleaned with dilute alcohol and dried, and the 
subjects were returned to their home cage. 
Neurodegeneration Staining 
At 23 months of age, subjects were removed from their home cage and immediately 
decapitated. Brains were extracted, blocked into three sections, and placed overnight in 
phosphate buffered solution (PBS). Brains then were stored in PF for eight weeks to post-fix 
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the tissue. Twenty-four hours before sectioning, the brains were submerged overnight in 
20% phosphate buffered sucrose solution until they sank. Frozen sections were cut in a Zeiss 
Microm cryostat at 40 microns -16°C. Eighteen serial sections were taken; every third 
section was stained with thionin for neuroanatomical comparisons (Paxinos & Watson, 1986) 
to ensure accurate location of the dorsal raphe nucleus (DRN). The remaining sections were 
stored overnight in PBS for NeuroSilver staining (see below). 
The NeuroSilver stain was used to identify degenerating neurons. Certain 
components of neurons (lysosomes, axons, and terminals) become argyrophilic during 
degeneration, allowing these cellular elements to bind to the silver ions with high affinity. 
After reduction, the silver ions form metallic grains that arc visible under a light microscope. 
NeuroSilver staining (FD NeuroTechnologies, Maryland) was based on the protocol 
developed by Bums, Jin, and Bowersox (1999). While the company did not disclose the 
specific contents of their solutions (because of proprietary reasons), descriptions of the 
method in the literature indicate that it consistently uses three primary stages: 1. dehydration 
of sections using propanol containing 0.8% sulfuric acid; 2. rehydration in 25% propanol, 
3% acetic acid and H20; 3. submersion of sections in equal volumes of 10% Na2C03 and a 
solution comprised of 0.2% AgN03, 0.25% NH4NOJ, 2% tungstosilicic acid, and 0.4% 
formaldehyde (Toth, Yan, Haftoglou, Ribak, & Baram, 1998). The protocol for the silver 
stain used in the current study transferred sections twice into a mixture containing equal 
volumes of solutions A and B for ten minutes each (solutions "A" and "B" not being 
identified, nor solutions "C, D, E, F" and "G") Sections were placed in a mixture consisting 
of 5ml of solution A, 5ml of solution B and l drop of solution E for ten minutes followed by 
two 2.5 minute washes containing one drop of solution F and 25m! of solution C. Upon 
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removal, sections were immediately placed into a mixture of 25m! solution D and 1 drop of 
solution F. After incubation, sections were rinsed in distilled water for six minutes and 
placed in 0.20% solution G for 2 hours. Sections were mounted on gelatin-coated 
microscope slides and air-dried before they were dehydrated with alcohol and xylene and 
coverslipped using a resinous mounting medium (Citra!). 
Quantification of neurodegenerating neurons 
Slides were evaluated for number of silver-stained/degenerating neurons using the 
Bioquant program (R&M Biometrics, Nashville, TN). The sections containing the DRN 
were viewed at low magnification (total magnification [xI 0 oculars x4 objective] = x40). 
Once the DRN was identified (based on atlas comparisons) the magnification was increased 
(total magnification [x10 oculars x20 objective xl.25 optibar] = x250). At this 
magnification, the video image displayed on our 27-inch monitor was a 260f..tm by l90f..tm 
rectangle that described approximately 49,400 square microns. The following protocol was 
then used to standardize anatomical localization from which we counted silver-
stained/degenerating cells: an experimenter blind to test group identified the sylvian 
aqueduct in each section. The image was centered and the microscope stage was moved 
800f..tm in theY -plane from the ventral edge of this reliable landmark. A representative 
silver-stained neuron (which adhered to standard characteristics and images described in the 
literature and was comparable to those provided by the manufacturer) was focused and 
identified and its features encoded by computer. The image presented in the video rectangle 
was then subjected to a light thresholding technique that defined the silver-stained neurons. 
The computer then counted the cells. The observer then moved the image 190f..tm ventral to 
the first screen, careful not to duplicate any previously measured cells. The above procedure 
Life Long Diminution 16 
was repeated and counted the number of silver-stained neurons in that adjacent section of the 
DRN. A total of98,800 square microns ofDRN was imaged in this fashion per brain. After 
all slides were quantified, the average number of stained degenerating neurons was computed 
for each animal and combined for a group mean used in the analyses. 
Statistics 
Two-way repeated measures analyses ofvariance (ANOVA) were performed on the 
data from the nulliparous, primiparous, and multiparous rats at all five ages (group [3: 
NULL, PRIM, MULT] by age [6, 10, 14, 18, and 22 months of age]). The following 
dependent variables were examined: 1. Total time spent in the open arms of the EPM; 2. 
Percentage oftime spent in the open arms to the sum of time spent in open and closed arms; 
3. Total time spent displaying an indecisive neck stretch; 4. Total number of arms entered. 
No statistical test was performed on number of freezings because rats did not freeze for the 
defined three seconds. A one-way ANOV A was used to test for differences among groups 
(NULLS, PRIMs, and MULTs) in the number of degenerating neurons in the DRN. A 
Pearson's-r correlation compared the number of degenerating neurons in the DRN with the 
total time spent in the open arms at the last testing session. Post hoc analyses used Fisher's 
LSD test. A probability of p~.05 within any omnibus F, or for any pair-wise comparison, 
was considered to be significantly different. 
Results 
Behavioral Data 
A two-way mixed measure analysis of variance was conducted to determine whether 
reproductive experience influenced the amount of time spent in the open arms of the elevated 
plus maze over five testing periods. Results of the analysis indicated a main effect for 
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reproductive experience, F(2, 18) = 4.16, p<.05, and a main effect for testing period, F(4, 
72) = 13.38, p<.Ol, which was found to be cubic, F= 28.04, p<.Ol. A significant group by 
testing period interaction occurred, F(8, 72) = 4.835, p<.Ol (see figure 2). Five one-way 
ANOV As with post-hoc analyses were performed on the interaction to test for significant 
differences among levels of parity at each testing. At six months, no significant differences 
were found among reproductive groups, F(2, 21) = .30, p>.05. At ten months, a significant 
difference was found among levels of parity, F(2, 20) = 8.38, p<.O 1. A Fisher's LSD post-
hoc analysis found that primiparous animals spent significantly more time in the open arms 
than nulliparous animals {p<.01) and multiparous animals spent significantly more time in 
the open arms than nulliparous animals (p<.05). Primiparous and multiparous animals did 
not differ significantly {p>.05). A significant difference was found among levels of parity at 
14 months, F(2, 19) = 6.85,p<.Ol. A Fisher's LSD post-hoc analysis reported a significant 
difference between primiparous rats and nulliparous rats (p<.O 1) and a significant difference 
between primiparous rats and multiparous rats (p<.05); no significant differences were 
reported between multiparous and nulliparous rats (p>.05). A significant difference among 
levels of parity was found at 18 months, F(2, 19) = 3.56, p<.05. A Fisher's LSD post-hoc 
analysis found that primiparous females differed significantly from nulliparous females 
(p<.05) and multiparous females marginally differed from nulliparous females (p<.l ). A 
significant difference was found between levels of parity at 22 months, F(2, 18) = 2.66, 
p<.05 (one-tailed). A Fisher's LSD post-hoc analysis found that primiparous females differed 
significantly from nulliparous females (p<.05) and multiparous females marginally differed 
from nulliparous females (p<.l ). 
Life Long Diminution 18 
A two-way mixed measure analysis of variance was conducted to detennine whether 
reproductive experience influenced the percentage of open arm entries to the sum of open 
arm and closed arm entries. Results of the analysis indicated a main effect for reproductive 
experience, F(2, 18) = 4.09, p<.05, and a main effect for testing period, F(4, 72) = 15.08, 
p<.01, which was found to be cubic, F= 28.79, p<.Ol. A significant group by testing period 
interaction occurred, F(8, 72) = 2.1 0, p<.O 1 (see figure 3 ). Five one-way ANOV As with 
post-hoc comparisons were used to examine significance among groups at the five testing 
points. No significant differences were found among levels of parity at 6 months, F(2, 2 I)= 
.29,p>.05. A significant difference was found among levels ofparity at 10 months, F(2, 20) 
= 7.83, p<.Ol. A Fisher's LSD post-hoc analysis revealed significant differences between 
nulliparous and primiparous (p<.O 1) and nulliparous and multiparous females (p:S.05). A 
significant difference was found among levels of parity at 14 months, F(2, 19) = 6.1 0, p<.O I. 
A Fisher's LSD post-hoc analysis revealed significant differences between nulliparous and 
primiparous (p<.01) and primiparous and multiparous females (p<.05). A significant 
difference was found among levels of parity at 18 months, F(2, 19)= 3.37, p<.05(one-tailed). 
A Fisher's LSD post-hoc analysis revealed a significant difference between nulliparous and 
primiparous (p<.05) and a marginal significant difference between nulliparous and 
multiparous females (p<.1 ). A significant difference was found among levels of parity at 22 
months, F(2, 18) = 2.88, p<.05( one-tailed). A Fisher's LSD post-hoc analysis revealed a 
significant difference between nulliparous and primiparous (p<.05) and a marginally 
significant difference between primiparous and multiparous females (p:S.1 ). 
A two-way mixed measure analysis of variance was conducted to determine whether 
reproductive experience influenced the amount of stretch-attend time over five testing 
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periods. Results ofthe analysis indicated a non significant effect of reproductive group on 
total seconds of neck stretching, F(2, 18) = .58, p>.05. There was not a significant main 
effect for testing period, F(4, 72) = 1.33, p>.05. In addition, no significant group by testing 
period interaction occurred, F(8, 72) = 1.32, p>.05 (see figure 4). 
A two-way mixed measure analysis of variance was completed to examine the 
relationship among reproductive experience and total number of arms entered over five 
testing points. Results indicated a significant main effect of group, F(2, 18) = 3.29, 
p<.05(one-tailed). A significant main effect of time was found, F(4, 72) = 13.00, p<.O I, 
however no interaction among group and time occurred, F(8, 72) = .802, p>.05 (sec figures 5 
and 6). To test for significant differences among reproductive groups, a Fisher's LSD post-
hoc comparison was computed, indicating that nulliparous females differed significantly 
from primiparous females (p<.05); no significant differences were reported between 
multiparous females and other reproductive groups (p>.OS). Fisher's LSD post-hoc 
comparisons were used to test for significant differences among the five testing points. It 
was found that animals at six months entered significantly fewer arms than at 10 months 
(p<.01), 14 months (p<.01), 18 months (p<.05) and 22 months (p<.OI). Animals at 10 
months crossed into more arms than at 18 months (jz<.05), but did not differ significantly 
from any other time points. Animals at 14 months crossed into more arms than animals at 18 
months (p<.Ol). No further significant differences were found. 
Neurodegeneration Data 
A one-way between subjects analysis of variance was performed to measure differences 
among reproductive groups in the mean number of degenerating cells in the dorsal raphe 
nucleus. Significant differences in number of degenerating cells were noted between 
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reproductive groups in the omnibus F-test, F(2, 14) = 2l.l9,p<O.Ol. A Fisher's LSD post 
hoc analysis revealed that both parous groups had significantly fewer degenerating neurons 
than the nulliparous group (p<O.Ol). The primiparous and multiparous groups did not differ 
in the number of degenerating neurons in the DRN (see figures 7 and 8) 
Relationships between measures 
A Pearson's r correlation (see Table 1) was conducted using time spent in the open 
arms of the EPM during the last test (month 22) and number of degenerating cells in the 
dorsal raphe nucleus. Time spent in the open arm and number of degenerating cells were 
negatively correlated (r=-.44, p<.05( one-tailed); sec figure 9). 
Discussion 
Overview of results 
In general, the data demonstrate that reproductive experience reduces behavioral 
anxiety throughout the life span. When compared with nulliparous females, primiparous and 
multiparous females spent more time in the open arms of the elevated plus maze at 10, 14, 
18, and 22 months of age; there were no differences at 6 months. Whereas greater 
differences were found between primiparous and nulliparous females, multiparous females 
were significantly (or marginally significantly) different from nulliparous females at more 
than one age. The present data replicate and extend previous work from our laboratory that 
has examined anxiety and stress responses of parous females. For example, the diminution 
of anxiety response due to reproductive experience in the present work is consistent with the 
findings ofWartella et al. (2003), which similarly demonstrated that the combination of 
pregnancy hormones and the exposure to pups ameliorated such responses. Moreover, the 
current study found that reproductive experience provides a form of neuro-protection in old 
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age, in that reproductive experience appears to reduce the number of degenerating neurons in 
the dorsal raphe nucleus at 23 months of age. Last, there was a significant negative 
correlation between the number of degenerating DRN neurons and the duration of time spent 
in the open arms (in the last test) of the EPM. 
Reproductive experience and anxiety reduction 
It appears that reproductive experience modulates the stress response. Research has 
consistently used percent of time spent in the open arms and duration of time spent in the 
open arms of the EPM as a measure of anxiety, where a higher percent or more time spent in 
the open arms is related to lower levels of anxiety (Pellow & File, 1985; Frye & Waif, 2004). 
Female rats with reproductive experience displayed less behavioral anxiety than 
nulliparous/virgin rats. In addition, primiparous animals showed greater exploration of their 
environment by entering more arms in the EPM than virgin rats. It is conceivable that some 
of the time spent in the open arms ofthe EPM in primiparous animals reflects increased 
exploration of the maze or increased activity. Nevertheless, whereas significant, there was 
not an overwhelmingly large difference in the mean number of total arm entries among 
primiparous, multiparous and nulliparous animals. Moreover, it has been shown that when 
anxious, rats will show high rates of risk assessment, including stretch-attend behaviors 
oriented toward the threat stimulus (Blanchard, Blanchard, Weiss, & Meyer, 1990). The lack 
of significant differences among reproductive groups in stretch-attend behavior suggests that 
parous animals were bolder and less anxious about entering the open arms, thereby adding 
strength to the argument that parity reduces anxiety. 
No further dampening of anxiety was observed in female rats with more than one 
pregnancy; females with one litter had the least amount of anxiety, suggesting that the initial 
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experience of motherhood may permanently alter reactions to stressful situations. 
Alternatively, this finding may suggest that females with more than two pregnancies and 
lactations may display behavioral changes after the first litter. For instance, Svare and 
Gandelman (1976) showed that female mice continue to experience increases in postpartum 
aggression through six lactations, suggesting that additional pregnancies may express greater 
effects on brain and behavior. As such, a second pregnancy and lactation may have affected 
anxiety levels measured by the EPM in the current study. 
Whereas primiparous females were less anxious than multiparous animals at I 0 and 
14 months of age, their anxiety levels (as measured by time spent in the open arms) sharply 
increased and were statistically identical in the amount of time spent in the open arms at the 
at 18 and 22 months of age. Perhaps if the study included an additional testing point at 26 
months, multiparous females would exhibit the least amount of anxiety. Other work (Kinsley 
& Bridges, 1988, Svare and Gandleman, 1976, and others) has shown, however, that 
differences do exist between older primiparous and multiparous females in terms of opiate 
sensitivity, aggressive behavior, and learning. 
Interestingly, there were no observed differences in anxiety at 6 months of age. This 
unexpected finding may be due to a floor effect of anxiety, where the EPM task was too 
difficult and anxiety-provoking, as represented by the low amount of time spent in the open 
arms and reduced levels of exploratory behavior displayed among all groups. Reduced 
anxiety levels in animals at 10 months may suggest that the rats habituated to the EPM. 
Nevertheless even if animals habituated to the maze, the significant differences between 
' 
parous and nulliparous animals at ten months indicate a robust reduction of anxiety. 
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The behavioral findings of the current study were consistent with previous research 
that found decreased stress responsiveness and increased exploration of an open field as well 
as decreased anxiety throughout lactation in the EPM (Wartella et al., 2003; Neumann et al., 
2000). Taken together, the previously mentioned studies in combination with the current 
project suggest that reproductive experience decreases stress responsiveness and anxiety 
during pregnancy and lactation, effects which endure throughout old age. It can be argued 
that such anxiolytic changes are evolutionarily adaptive to the pregnant and lactating rat that 
is faced with the need to forage for additional food and water sources to compensate for the 
greater nutritional demands associated with her pups. In addition, mitigation of stress and 
anxiety during pregnancy may prevent increased levels of stress hormones, which may harm 
the fetus in late pregnant females (Kinsley & Bridges, 1988; McLeod & Brown, 1988; 
Kinsley, Mann, & Bridges, 1992, and others). During and after lactation, a reduction in 
anxiety may aid the mother in defending her litter from predators and may prevent freezing 
in dangerous situations. As such, an anxiolytic change (interpreted as positive) in behavior 
would benefit the mother and her offspring during pregnancy, lactation and well beyond. 
The influx of pregnancy hormones may reduce anxiety during pregnancy and 
lactation via changes in the amygdala. The amygdala has been implicated in the processing 
and storage of fear related items in animals and humans (LeDoux, 1996). Animals with 
increased amygdaloid activity have consistently shown heightened HPA activation and 
anxiety when presented with a fearful stimulus (Gilboa, Shalev, Laor, Lester, Louzoun, 
Chisin, et al., 2004). Stimulation of the right medial amygdala lessened open-arm 
exploration in the EPM, linking the medial amygdala with anxiety response (Adamec & 
Shallow, 2000). Further, estrogen receptors have been found in high concentration in the 
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medial nuclei of the amygdala (Dellovade, Blaustein, & Rissman, 1992). As such, the direct 
administration of estrogen and progesterone to the medial amygdala of ovariectomized rats 
increased time spent in the open arms of the EPM, suggesting that estrogen and progesterone 
in high dosage have an anxiolytic effect on the medial amygdala (Frye & Waif, 2004). 
Wartella et al (2003) found that parous animals experienced less c-fos induction of the 
basolateral amygdala (BLA) after restraint when compared to nulliparous animals. The 
results from the aforementioned studies with the results from the current project may suggest 
that progesterone and estrogen permanently alter the amygdala and reduce stress responses 
and anxiety throughout the lifespan. Furthermore, besides estrogen and progesterone, nipple 
stimulation during lactation releases oxytocin (OT), which decreases ACTH and cortisol, 
thereby dampening the HPA axis reactivity to stressors and suppressing anxiety in the EPM 
(DeVries, Glasper, & Detillion, 2003; Windle, Shanks, Lightman, & Ingam, 1997). Repeated 
injections of OT decreases cortiocosterone levels and blunts the HPA axis for up to ten days 
(Petersson, Hulting, & Uvnas-Moberg, 1999). Since oxytocin secretion and binding is 
increased throughout lactation, it is possible that OT may have long-lasting effects on the 
HPA axis that extend well-beyond lactation; nevertheless, research has not addressed the life-
long effects of OT on the amygdala or HPA axis. Last, Tomizawa et al. (2003) reported that 
OT was necessary to the enhancement of long term potentiation and the spatial memory 
enhancements reported in parous females (Kinsley et al., 1999). Thus OT, in its dual role as 
a reproduction mediator and memory facilatator, may add stress mitigation to its system 
regulation. 
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Reproductive experience and degeneration of neurons in the DRN 
The current study also found that primiparous and multiparous rats had significantly 
fewer degenerating neurons in the dorsal raphe nucleus (DRN). In addition, the number of 
degenerating cells significantly correlated with the duration of time spent in the open anns of 
the EPM during the last testing point (22 months); those animals who were less anxious in 
the EPM had fewer degenerating neurons in the DRN. Given that the DRN is largely 
composed of 5-HT -containing neurons, it is probable (though unexamined in the present 
work) that reproductive experience may preserve 5-HT activity in that region. 
The current data suggest that reproductive experience provides a protective clement 
to the DRN in old age. It is remarkable that parity had a robust affect on an area of the brain 
containing an abundant amount of presynaptic neurons, associated with many basic functions 
and behaviors. Previous research investigating the relationship between neurodegeneration 
and reproductive experience has found that parity significantly reduces deposits of amyloid 
precursor protein (APP) in the CAl and dentate gyrus (Gatewood et al., submitted). 
Together, these findings provide further evidence that links reproductive experience with an 
overall healthier and plastic brain. 
Whereas the current study cannot directly suggest that reproductive experience 
increases or maintains serotonergic neurons in the DRN, it is likely that many of the 
degenerating neurons found in nulliparous animals were serotonergic. Approximately 48% 
of all cells in the DRN are serotonergic, constituting nearly half of the total population of 
serotonergic neurons in the brain (Descarries, 1982). Two separate serotonergic systems 
regulate defensive behavior (Sena, Bueno, Pobbe, Andrade, Zangrossi, & Viana, 2003). 
Activation of the ascending DRN 5-HT pathway innervates the amygdala and frontal cortex 
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while the DRN-periventricular 5-HT pathway innervates the dorsal periaqueductal gray 
(DPAG). Recent evidence from our laboratory has found that parity reduced the number of 
degenerating neurons in the frontal cortex of the same animals examined in the current study. 
As such, this might suggest that the degeneration of presynaptic 5-HT neurons in the 
nulliparous DRN may lead to the degeneration of post-synaptic 5-HT neurons in the frontal 
cortex. Furthermore, evidence from Wartella et al. (2003) suggests a blunted response by the 
BLAin parous animals when presented with a stressor. Perhaps this blunted response may 
be due to increased innervation of the BLA by 5-HT containing neurons from the DRN in 
parous animals. 
If the neurodegeneration in the DRN reflects 5-HT levels at 23 months of age, it is 
likely that these serotonergic neurons act on the 5-HT1A receptor, which has been found to 
reduce anxiety and increase exploratory behavior (Rickels, 1987). A plethora of studies have 
found that 5-HT1A receptor partial agonists reduce aggression and increase open-ann entries 
on an elevated plus maze (Mendoza, Bravo & Swanson, 1999; Stutzmann, McEwen, & 
LeDoux, 1998; Parks, Robinson, Sibille, Shenk, & Toth 1998). Using the same dependent 
measure, the current study found decreases in anxiety and increases in exploratory behavior 
in parous animals, with both behaviors moderately correlated to neuron degeneration in the 
DRN. It is therefore possible, although not directly shown by the current study, that 
reproductive experience maintains serotonergic functioning in the DRN. 
Furthermore, pharmacological evidence links 5-HTIA with the observed changes in 
anxiety found in the current study. 5-HT1A agonists increased levels of plasma OT as well as 
OT and ACTH in the hypothalamic paraventricular nucleus (Van De Kar, Levy, Li, & 
Brownfield, 1998; Serres, Li, Garcia, Raap, Battaglia, Muma, Van de Kar, 2000). Whereas 
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the current study did not directly examine 5-HT1A levels or test OT levels, the DRN data 
create the possibility that the reduced anxiety found in parous animals was due to maintained 
levels of 5-HT tA in old age (23 months) which released more OT and ACTH in the HP A 
axis, thereby reducing anxiety. 
Whereas the mechanisms mediating the anxiolytic behavioral changes that 
accompany parity have not been explored by the current research, it is theorized that 
hormone changes in pregnancy and lactation dampen the reaction to stress and anxiety in the 
amygdala and HPA axis. Recent observations in our lab have suggested that parity preserves 
neuronal mitochondria, suggesting that parity also maintains neuronal functioning. As such, 
reproductive experience preserved more neurons in the DRN, which likely includes 
serotonergic neurons. Serotonergic neurons in the DRN act on the 5-HTtA receptor, which 
has been shown to dampen anxiety directly and through OT secretion. 
Study Limitations 
Several limitations should be noted when examining and making inferences about 
these data. Data were collected in four-month intervals and only provide a brief glimpse into 
the anxiety levels of parous and nulliparous females throughout life. Data were not collected 
before or during pregnancy and lactation, yielding no baseline comparisons. As such, it is 
difficult to justify the lack of statistical significance between parous and nulliparous groups 
at the six-month testing period. Future research should investigate changes in anxiety during 
the period after post-partum. In addition, the current research does not differentiate between 
the effects of pup exposure and pregnancy hormones in parous animals. Replication of the 
current study with nulliparous rats exposed to foster pups would solve this issue and add 
important information regarding the anxiolyic mechanism. We have shown that pups do 
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exert changes on the brain (Kinsley et al., 1999) independent of pregnancy hormones, and 
thus must be considered part of the set of stimuli that exert some of the effects we have 
observed. 
The current project was not able to directly link reproductive experience with levels 
of 5-HTtA in the DRN. Whereas the literature consistently associates the DRN directly to 5-
HTtA levels and anxiety, the current study can only suggest theories by which 5-HT1A activity 
modulates anxiety and merely links DRN neurodegeneration with serotonin functioning. 
Future studies may wish to directly examine the effect of parity on 5-HT1A levels in the DRN 
as well as other 5-HTtA -containing sites including the amygdala, frontal cortex, and 
hippocampus. 
It was difficult to test and maintain animals for the length of time we did in this work. 
Characteristic of longitudinal studies, attrition occurs, resulting in a loss of data. A larger N 
would have been beneficial, and may have provided additional marginal statistical effects 
with possible significance. More time points or more tests at each time point would have 
yielded more data, but may have led to further habituation to the EPM. 
Conclusions 
Adding to the well-documented anxiolytic effects of pregnancy and lactation found 
by previous studies, the current investigation suggests that parity reduces anxiety throughout 
life into old age. Furthermore, reproductive experience changes the brain and reduces the 
amount of degenerating neurons in the DRN, indirectly suggesting that serotonin may 
mediate these observed changes in anxiety. Reductions in anxiety may initially be adaptive 
in the face of new demands placed upon the parous animal, and may last throughout life as a 
result oflong-term hormonal restructuring or maintenance of brain areas directly relating to 
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anxiety response. Additional research needs to investigate the long-term effects of exposure 
to estrogen, progesterone, and oxytocin on anxiety levels and brain areas that control anxiety. 
Moreover, a systematic investigation of 5-HT levels in the DRN as a consequence of 
reproductive experience should be completed in order to further explain the results from the 
current study. 
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Table 1. Correlations ofbehavioral anxiety and neurodcgeneration measures 
Time in Percentage in Stretch-Attend Number of Number of 
Open Arm OpcnAm1 Anns Entered Degenerating 
Neurons 
Time in 
Open Arm 
Percentage in 
Open Arm .993* 
Stretch-Attend .694* -.048 
Number of 
Arms Entered -.725* -.743* .291 
Number of 
Degenerating 
Neurons -.435* -.429** .283 .407 
* Q<.05 (one-tailed) 
** r,<.l (one-tailed) 
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Figure Caption 
Figure 1. Example of the elevated plus maze (EPM). 
Figure 2. Mean number(+/- standard error of the mean) of seconds spent in the open anns 
of the elevated plus maze among reproductive groups at five testing points. 
Figure 3. Mean percentage(+/- standard error of the mean) of time spent in the open arms of 
the elevated plus maze to the sum of time spent in open and closed am1s of the elevated plus 
maze among reproductive groups at five testing points. 
Figure 4. Mean number (+I- standard error of the mean) of seconds exhibiting stretch-attend 
behavior among reproductive groups at five testing points. 
Figure 5. Mean number(+/- standard error of the mean) of total entries into all arms among 
reproductive groups at five testing points. 
Figure 6. Mean number(+/- standard error of the mean) of total entries into all anns at five 
testing points. 
Figure 7. Mean number ( +/- standard error of the mean) of degenerating neurons in the 
dorsal raphe nucleus by reproductive group. 
Figure 8. Example of silver stained degenerating neurons in the dorsal raphe nucleus of 
nulliparous (a), primiparous (b), and multiparous (c) rats. (Scalebar = l05!J.m) 
Figure 9. Correlation between number of seconds spent in the open arms of the elevated plus 
maze at 22 months and number of degenerating cells in the dorsal raphe nucleus. 
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